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ABSTRACT
Objective: The determinants of physical function are not well characterized among middleaged women. The primary aim of this cross-sectional study was to determine the strength
of the associations between lean mass, muscular strength, muscle quality, and physical
functional ability in a cohort of middle-aged women. The secondary aim was to determine
the measure of muscle quality most highly associated with measures of physical function.
Methods: Middle-aged women (N=111, age, 53.14 ±6.15 years) had body composition (via
dual energy x-ray absorptiometry), physical activity (via accelerometer), and physical
function (via Transfer Task (TRANSFER), 30-Second Chair Stand (30-CS), 6-Minute
Walk Test (6MWT), 8-Foot-Up-And-Go (UP-GO)) assessed objectively. A lower body
physical function composite score was also calculated. Lower body strength was measured
using isokinetic dynamometry for isometric knee flexion and extension at 60 degrees,
isokinetic flexion and extension at 60 degrees per second, and isokinetic flexion and
extension at 180 degrees per second. Muscle quality was defined as muscular strength
normalized for upper leg lean mass and calculated using: 1) isometric knee flexion and
extension at 60 degrees (MQ-ISO), 2) isokinetic knee flexion and extension at 60 degrees
per second (MQ-KN60), 3) isokinetic knee flexion and extension at 180 degrees per
second(MQ-KN180).
Results: The lower body physical function composite score was significantly associated
with percent lean mass, MQ-ISO, MQ-KN60, and MQ-KN180. Partial correlations,
controlled for age and average steps per day, found that MQ-KN60 was the variable most
highly associated with the physical function composite score. Results from a hierarchical
linear regression showed that 1) age, average steps per day, and MQ-KN60 are

independently associated with physical function composite score, explaining 3%, 18.1%
and 14.3% respectively, and 2) age, average steps per day, MQ-KN60 were significantly
associated with , TRANSFER, 30-CS, and 6MWT.
Conclusion: In middle-aged women, percent lean mass, muscular strength, and muscle
quality were all significantly associated with physical functional ability. The association
between MQ-KN60 and the physical function composite score was stronger than all other
measured variables. This data provides insight into the most relevant measures to consider
when examining the independent contributors to physical functional ability in middle-aged
women.
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PREFACE
This thesis document contains one manuscript: Examining the Associations
Between Lean Mass, Muscular Strength, Muscle Quality and Physical Function. This
document complies with the University of Rhode Island Graduate School Manuscript
format, with a form formatted for publication in Menopause.
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CHAPTER 1

INTRODUCTION
In 2014, 83 million Americans were between the age of 45 and 64 years, and it is
projected by 2060 the number of Americans who are middle-aged will increase to 100
million (1). Recent studies report that middle-aged adults, specifically middle-aged
women, self-report difficulties performing daily activities and have poor physical
function (2–4), where up to 25% of women between the age of 42 and 52 years old (2).
Physical function performance is an aspect of quality of life, defined as the ability to
perform the basic actions that are essential for maintaining independence (5). Extensive
research assessing physical function in older adults demonstrates that physical function
performance is associated with physical activity level (6), lean mass, and muscular
strength (5,7–10), however significantly less is known about physical function in middleaged adults.
While lean mass and muscular strength are independently associated with
physical function, examining a measure that accounts for both variables may be the most
comprehensive approach to understanding the association between these variables and
physical function outcomes. One way to examine the association between lean mass and
muscular capacity is by calculating muscle quality. Muscle quality is defined as the ratio
of muscular capacity to lean mass (11). Muscle quality assesses the association between
muscular strength and lean mass, therefore it may be an optimal independent variable to
examine when evaluating determinants of the changes in physical function, compared to
lean mass and muscular strength alone (12).
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Previous research in older adults has examined how lean mass, muscular strength,
and muscle quality, change with age and how these variables are associated with physical
function (13–15). Limited research has examined these associations in middle-aged
adults, especially middle-aged women (4,16). This is significant because in previous
studies, as many as 25% of women are reporting physical functional limitations during
mid-life (2). Additionally, negative changes in body composition and muscular capacity
often begin during middle-age (5,8,9,11,17) making it important to understand how the
associations develop and which factors most affect physical function. Analyzing these
factors during middle-age would allow for better understanding of the association
between muscle mass, muscular strength, muscle quality and physical functional ability.
Therefore, the primary aim of this study is to examine the strength of the
associations between muscle mass, muscular strength, muscle quality and objective
measures of physical function performance in a cohort of middle-aged females, when
controlling for age and physical activity level. It is hypothesized that measures of muscle
quality will be more strongly related to measures of physical function performance
compared to measures of muscle mass and muscular strength. As muscle quality takes
into consideration both the structural and functional ability of the muscle, it may have the
strongest impact on physical function performance compared to muscular strength or lean
mass alone.
The secondary aim of the study is to compare muscle quality calculated using three
different muscular strength measures, to determine which measure is most highly
associated with objective measures of physical function, when controlling for age and
physical activity level. Strength will be measured by isometric knee strength at 60
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degrees (MQ-ISO), isokinetic knee strength measured at 60 degrees per second (MQKN60), and isokinetic knee strength at 180 degrees per second (MQ-KN180), all
normalized for lean mass. It is hypothesized that the MQ-KN180 will be most highly
related to physical function compared to other measures of muscle quality in middle-aged
women. This is predicted because 180 degrees per second most resembles the speed at
which daily activities occurs (20–23), thus it may be the most appropriate when
examining associations with physical function.
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CHAPTER 2

REVIEW OF LITERATURE

Introduction
The US Census Bureau estimated that in 2014, 83 million Americans were between
the age of 45 and 64 years old (1). While middle-aged women make up a significant portion
of the population, they are significantly under-represented in research, even with recent
efforts to correct this imbalance (18). In general, the hormonal changes associated with
menopause are often cited as the primary challenge for including middle-aged women in
research (18).
Most women go through menopause between 45 and 55 years of age and undergo
significant hormonal changes including decreases in estrogen, IGF-1 and DHEA (19).
These hormonal changes are associated with several negative health outcomes, including
a decrease in muscle mass (19–21). Changes in muscular capacity, including muscular
strength, endurance and power, have also been associated with age-related changes in sex
hormones (19–22). Due to the current life expectancy, it is possible that a woman could
spend 30 or more years with a decreased level in sex hormone compared to younger levels,
resulting in a significant reduction in muscle mass and muscular capacity (20,21,23), which
puts women at a high risk for disability and other health conditions.
Menopause has been associated with declines in physical function performance
(24,25). This is concerning because low levels of physical function are associated with an
increased risk of developing chronic health conditions (3,24,26). Therefore, it would be
prudent to assess physical function during this time period. Currently there is a significant
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gap in the literature regarding objective physical function performance in middle-aged
women, as the majority of the work examining physical function in this age group relies
on self-report measures (3,27,28).
It is important to understand the factors that independently contribute to physical
function in order to understand changes in physical functional ability across the lifespan.
Factors related to muscular capacity such as muscular strength, muscle mass and muscle
quality are important to consider when assessing physical function. Muscle quality, a
unique measurement that considers both measures of muscle mass and muscular strength,
may be more strongly related to physical function performance compared to the assessment
of muscle mass or muscular strength alone (11). The associations between muscle mass,
muscular strength, muscle quality and physical functional ability have been well
established in older populations (11,29–32), but a significant gap in the literature exists
when it comes to these associations in middle-aged women. Therefore, analyzing the
factors associated with physical function during middle-age would allow for better
understanding of the significance of these associations and may allow for early intervention
before the onset of physical limitations.

Physical Function
Physical function is the ability to perform the basic actions essential for maintaining
independence (5). Physical function has been previously associated with the ability to
perform activities of daily living, chronic health conditions, and overall health status
across the lifespan (3,24,33).
Physical function can be assessed both subjectively and objectively. The most common
subjective measure of physical function is the Medical Outcomes Survey Short Form 36
6

(SF-36) questionnaire (34). The portion of the SF-36 that assesses physical function
includes 10-items which evaluate activities ranging from limitations during daily tasks such
as carrying groceries or climbing stairs, to the ability to perform moderate and vigorous
activities (35). The most common objective measures of physical function include the Short
Physical Performance Battery Test (SPPB), the Timed Up-and-Go (TUG), Gait Speed, 5Chair Stand, and the 6-Minute Walk test (6MWT) (36). Each of these physical function
assessments is associated with an aspect of health-related physical fitness. For example,
the time it takes to complete 5 consecutive chair stands is highly associated with muscular
strength, and both gait speed and 6MWT have been highly associated with
cardiorespiratory fitness levels (36). Commonly used physical function assessments are
described below:
Short Physical Performance Battery (SPPB): The SPPB consists of three tasks: 4-Meter
Gait Speed, Balance Assessment (which includes tandem and semi-tandem stance), and a
5-Chair Stand. This assessment is predicative of fall risk and disability in adults over the
age of 70 years (36). The SPPB was specifically designed for older adults and is not
appropriate for assessing physical functional ability in middle-aged adults.
Timed-Up-and-Go (TUG): The TUG measures the amount of time it takes a participant
to stand up from a chair without the use of their arms, walk 3 meters, and return to a seated
position in the chair (36). The TUG is associated with muscle power and balance (37), and
is also predictive of fall risk in older adults (36).
6 Minute Walk Test (6MWT): The 6MWT measures the total distance a participant
can walk on a premeasured course in 6 minutes. The 6MWT assesses both
cardiorespiratory fitness and muscular endurance. An average distance traveled in healthy
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middle to older-age adults (age range of 40 to 79) is 400 to 700 meters (38). In older adults,
the distance tends to decline to 200 to 300 meters (36).
30-Second Chair Stand (30-CS): The 30-CS assesses lower body muscular strength
by determining the number of times a participant can stand up and sit down in a 30 second
time period (39).
Transfer Task (TRANSFER): The TRANSFER assesses strength, flexibility and
function by measuring the amount of time it takes for the participant to transition from a
standing position, to a seated position on the floor and back to a standing position (40).
These physical function tests are commonly used in older adults and may not be
appropriate for middle-aged adults. Middle-aged adults typically have higher physical
functional status compared to older adults, therefore the intensity of some of these
assessments may not be high enough to see the slight changes in physical functional ability
experienced in middle-age.

Physical Function and Health Status
Poor physical functional ability is associated with the development of chronic health
conditions (41) and increased risk of physical disability (41,42) later in life, however, most
of this research has been conducted with older adults.
One of the few studies that addressed physical function and health status in middleage women was completed by Karvonen-Gutierrez et al. (2). This secondary analysis of
the Study of Women Across the Nation (SWAN) data assessed the risk of disability in 326
women between the age of 55 and 68 years. Self-reported disability was measured using
the World Health Organization-Disability Assessment Schedule (WHO-DAS), an
international standardized measure of disability designed to compare the prevalence and
8

determinants of disability across different populations. Twenty-five percent of the cohort
reported moderate, severe, or extreme disability, which indicates that middle-age may be
an appropriate time to assess factors affiliated with physical disability so that effective
interventions aimed at improving these outcomes in middle-age can be designed and
implemented (2,24).
Another study which examined the association between physical function and
disability is a secondary analysis of a larger longitudinal study(28). Men and women (n =
30,097) aged 45-82 years completed an adapted version of the Older Americans Resources
and Services Multidimensional Assessment Questionnaire which measures disability and
physical function and completed the 4-Meter Walk test, TUG, Single Leg Stance, 5-Chair
Rise test at baseline and at an 18 month follow-up. The prevalence of disability increased
with age and was more prevalent in women compared to men. Additionally, having lower
levels of physical functional was strongly associated with an increased risk of development
of functional limitations and disabilities. Falling in the lowest quintile for any one of the
five objective physical function assessments increased the odds of having functional
limitations and disability by 1.53 times and falling in the lowest quintile for all five tests
increased the odds of having a functional limitation or disability by 14.91 times. Because
this study found that women reported higher levels of disability compared to males, and a
significant association existed between physical functional and disability, it suggests that
physical functional ability should be further studied in women.
The association between physical functional ability and health status is well
represented in the older adult literature (10,21), but significantly less is known about this
association in middle-aged adults. However, studies that assess the association between
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physical function and health status in middle-aged adults agree that lower physical
functional ability is associated with an increased risk of disability (2,28).

Aging and Physical Function
Overall, previous research agrees that a significant association between age and
physical functional ability exists. However, these studies primarily focus on physical
function in older adults and use physical function assessments that have been validated for
that population (27,29,43).
A 5-year study by Bouchard et al (43) supports the association between age and
physical function in older adults. In both sexes, age was the most important contributor to
balance performance measured by the Romberg test. Woods et al. (29) supports the
association between physical function and age; women with lower physical function
(measured via TUG and 6-Meter Walking Speed) were significantly older than the women
with higher levels of physical function.
One of the few studies assessing physical function exclusively in middle-aged
adults determined the association between physical functional ability (measured via 30CS, UP-GO, 6MWT) and age in women between 45 to 65 years (44). This study found an
independent association between age, UP-GO, and the 30-CS, in which older age was
independently associated with lower physical function performance. Even at mid-life,
physical function is significantly associated with age and those who are older perform more
poorly on objective measures of physical function.
Another study which assesses middle-aged adults is using the U.S. National Health and
Nutrition Examination Survey (NHANES) data, Bouchard et al. (27) explored the
association between age and physical functional ability in adults over the age of 55 years.
10

There were differences in physical functional ability between age groups (55-64 years, 6574 years, and ≥75 years), with older groups performing poorer than younger groups. When
assessing subjective data, the 65-74-year-old age group reported poorer physical function
compared to the 55-64-year-old age group.

Body Composition, Physical Activity, and Physical Function
Previous research demonstrates an association between measures of body
composition, physical activity and physical functional ability (6,43,45).
Bouchard et al. (27) found that physical activity level was independently associated
with walking speed in older men and women. Similarly, Savikangas et al. (6) determined
that the time spent in either light or moderate to vigorous physical activity was positively
associated with performance on the 6MWT, 10-Meter Walk, and SPPB. Since physical
activity levels are associated with physical function, physical activity level should be
considered a control variable when examining the determinants of physical function.
Another variable associated with physical functional ability is body composition,
specifically percent body fat. Savikangas et al. (6) examined body composition and
physical functional ability in a cohort of 293 sedentary older adults between the age of 70
and 85 years and found that percent body fat was negatively associated with 6MWT, 10Meter Walk, and SPPB performance. Sternfeld et al. (45) supports the association between
body composition and physical function. In the cross-sectional analysis of 2,092 men and
women 55 years and older (mean of 59.3 years), body fat mass was found to be significantly
associated with lower walking speeds. These studies demonstrate the importance of
measuring body composition when assessing physical function as higher levels of fat mass
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has been associated with reduces physical functional ability. Fat mass is important to
consider as it may explain some of the variance in the performance of the tasks because the
individual is required to move around a larger mass during the physical functional
assessments requiring a higher strength or power to perform the tasks.

Muscle Mass and Physical Functional Ability
Aging
A significant body of research examining the changes that occur in muscle mass
with age exists (7,8,10,31,46,47). Typically, muscle mass begins to decrease around the
age of 20 for women and declines at a rate between 0.4 and 0.8 kg per decade (30,56); the
rate of decline significantly increases to 1.1 kg per decade after the age of 60 (36).
Kyle et al. (31) assessed body composition using dual energy x-ray absorptiometry
in a cohort of 433 men and women between the age of 19 and 94 years divided into 4 age
groups: 18-34, 35-49, 50-74, and 75 and older. Appendicular muscle mass was highest in
the 35-49 age group for men and the 18-34 age group for women. Differences in skeletal
muscle mass was calculated to compare individuals < 60 years and ≥ 60-years. It was found
that skeletal muscle mass declined from peak muscle mass until the age of 60 in both men
and women (men: 1.5 kg/decade, women: 0.8 kg/decade). This was followed by a steeper
decline in both men and women ≥ 60 years of age (men: 1.7 kg/decade, women: 1.1
kg/decade). This study demonstrated that the age-related decline in muscle mass differs
between men and women and that muscle mass peaks earlier than mid-life in women.
Results from a cross-sectional study performed by Janssen et al. (48) supports the
association between age and skeletal muscle mass. They found that age was negatively
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associated with total and upper body muscle mass. When examining difference between
upper and lower body muscle mass between age groups (both sexes were divided into: 1844 years and ≥45 years old), both upper and lower body muscle mass were significantly
associated with age (lower body: r =-.48, upper body: r =-.26) in women, but was only
significantly associated with lower body muscle mass (r =-.48) in men. However, for both
sexes, age was more highly associated with lower body muscle mass compared to upper
body muscle mass.

Physical Function
The majority of the studies examining the association between muscle mass and
physical function have been conducted with older adults (49–52). For example, Visser et
al. (50) found a significant association between leg muscle mass and lower extremity
physical performance in both men and women between the ages of 70 and 79 years. A
study by Buford et al. (49) examined the association between body composition and
physical function in a cohort of young (18-35 years) and older adults (>70 years). Physical
function was assessed using the SPPB in the older adults, and muscle mass of the femoral
and tibiofibular regions were assessed via magnetic resonance imaging (MRI). The amount
of lower body muscle mass was negatively associated with age and functional status within
the older adults.
A cross-sectional study performed by Reid et al. (51) assessed the association
between total leg lean mass and physical ability in a cohort of 57 older adults (mean age of
74.2 years). Total lean leg mass was independently associated of mobility disability after
correcting for confounding variables, such as chronic medical diagnoses, bone mineral
density, body weight, total body fat, and habitual physical activity (p<0.05).
13

Another study which supports the association between muscle mass, mobility
limitations, and disability was a secondary analysis assessing a cohort of 2,631 older adults
from the Health ABC study (52). Lower muscle mass (those in the lowest quartile of muscle
mass cross sectional area) at baseline increased the risk of developing mobility limitations
within the 3 year follow up, as men with lower muscle mass were 2.25 times and women
were 1.7 times more likely to develop mobility limitations at follow-up compared to
individuals in the highest quartile of muscle mass. The results from this study indicate that
low muscle mass significantly effects mobility over a relatively short period of time.
The association between low muscle mass and poorer physical functional ability
has been well established in older adults (49–52). However, literature assessing the
association between muscle mass and physical function in middle-age adults is limited
(24).

Muscular Strength
Muscular Strength Across the Lifespan
The age associated change in muscular strength (27), defined as the force producing
capacity of muscle (11), has been assessed in depth in previous research (13,32,47,53–56).
In a cross-sectional study performed by Charlier et al. (56) significant associations
between age and measures of strength were observed in both sexes. In women, skeletal
muscle strength was 28.7% lower in the 60-70-year-olds compared to 18-29-year-olds.
After the age of 70, muscular strength was 52.2% lower compared to the 18-29-year-old
group.
A 3-year longitudinal study by Goodpaster et al. (15), also supports the association
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between muscular strength and age. Baseline body weight and measures of total lean mass,
leg regional lean mass, and thigh cross- sectional area were negatively correlated with the
changes in muscular strength at follow-up.
Work by Delmonico et al. (13) supports the association between muscular strength
and physical function older adults. Significant declines in average torque of the knee
extensors measured at 60 degrees per second were seen in both men and women over the
5-year time period, where men lost an average of 24.5 N-m (16.1% change) and women
lost an average of 12.7 N-m (13.4% change).

Muscular Strength and Physical Function
A significant body of literature exists addressing the association between muscular
strength and physical function in older adults. A meta-analysis summarized the literature
that assessed the longitudinal changes of muscular strength and physical function in older
adults (53). The studies included muscular strength of the upper and lower body and
demonstrated a consensus establishing an association between low muscular strength and
functional decline in older adults. This is an important analysis as it examined the research
assessing the associations between upper body muscular strength, lower body muscular
strength, and physical functional ability (11,54,57–59). This meta-analysis found poorer
upper and lower body muscular strength to be significantly associated with overall physical
functional performance, however some studies reported that upper body muscular strength
was not significantly associated with gait speed.
A secondary analysis of the Health ABC study by Cawthon et al. (47) supports the
association between muscular strength and physical functional ability. The study found that
knee strength was significantly correlated with walking speed and the timed 5-Chair Stand
15

in both men and women.
Barbat-Artigas et al. (54) performed a cross-section analysis to determine the
association between physical function and upper and lower body muscular strength in
1,462 women aged 75 years and older. Lower body muscular strength was more highly
associated with physical functional ability, compared to upper body muscular strength. The
results of this study are significant as it supports the use of lower body physical function
tasks when assessing physical functional performance.
A cross-sectional study performed by Ferrucci et al. (32) supports the association
between lower body muscular strength and physical functional performance in older adults.
This study examined 985 women aged 65 years and older, who completed objective
measures of physical function. Muscular strength and physical function performance were
significantly associated and women who were unable to walk, need an assistive device, or
were unable to perform the balance test had significantly lower knee extension and hip
flexion strength compared to those who were able to perform the tasks.
Research performed by Miljkovic et al. (8) also supports the association between
muscular strength and physical ability. Older adults who had low muscular strength
increased their risk of mobility limitations by 2.6 times, slow gait speed by 4.3 times, and
mortality by 2.1 times compared to older adults with higher muscular strength.
The association between muscular strength and physical functional ability in
middle-age is not well examined, but the association exists in older adults. Understanding
the association between muscular strength and physical functional ability in middle-age
would allow insight into a possible explanation why physical function declines in middleage. If an association is established, it could provide a possible intervention strategy to help
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reduce the decline of physical function later in life.

Muscle Strength and Physical Function in Middle-Aged Adults
The small body of literature that assesses muscular strength and physical function
in middle-age adults supports the association between muscular strength and physical
function. Ward-Ritacco et al. (16) examined the association between muscular strength and
physical function in a cohort of 64 women between the ages of 50 and 65 years old.
Muscular strength was assessed at 60 degrees per second using isokinetic dynamometry.
Physical function was assessed objectively through the use of UP-GO, 30-CS, and 6MWT.
Muscular strength was found to be highly associated with all physical performance
assessments.
Muscular strength and physical function (measured by 12.3-meter walk, stair climb,
and stair descent, and isometric knee extension) was assessed in a cohort of 880 middleaged women by Sowers et al. (4). Gait speed decreased with age, and a significant number
of women has a gait speed below 1.0 m/s, which is problematic because the federal standard
for crossing an intersection is 1.22 m/s. The 12.3-meter walk was significantly associated
with quadriceps strength. While gait speed was not assessed in this study, it does
demonstrate that some common measures of physical functional are sensitive enough to
identify changes in physical functional ability in middle-age women.
With the decline in muscular strength starting at an earlier age and declining at a
faster rate at the end of mid-life for women, the assessment of muscular strength with
physical function is important when assessing health risks and disability. Thus,
understanding the best method for strength assessment and how muscular strength relates
to physical functional performance is important to examine in cohorts of middle-aged
17

women.

Muscle Quality
Defining Muscle Quality
Muscle quality is a unique measurement that does not yet have a universal
definition (60). In exercise science, muscle quality is often defined as a measure of
muscular strength or power normalized for muscle mass (54,60). Muscle quality combines
both measures of muscle capacity and muscle mass and may be more highly related to
physical function ability compared to the measurement of muscle mass or muscular
strength alone (11,60).
In a symposium report from the 2016 International Conference on Frailty and
Sarcopenia Research, Correa-de-Araujo et al. (60) commented on the need for a
standardized measurement of muscle quality, and increased research to be conducted
assessing the strength of the associations between muscle quality and physical function
performance. Barbat-Artigas et al. (11) stated that muscle quality may better explain
differences in physical function compared to muscle mass or muscle strength alone,
because muscle mass and muscular strength are potentially interrelated and the
combination of both would account for most changes in skeletal muscle properties.
However, the lack of a universal definition has led to inconsistent findings in the literature
(61,62).

Age-Associated Decline in Muscle Quality
A cross-sectional analysis of objectively measured muscle mass, muscular strength
and muscle quality in 654 participants between the ages of 18 and 93 years found significant
18

age and gender associations with measures of muscle quality (p<0.001) (63). Muscle
quality decreased with age, and women had significantly lower muscle quality compared
to men. This demonstrates the age and sex differences in muscle quality, suggesting the
importance of understanding muscle quality in both men and women across the lifespan.
In a longitudinal study by Metter et al. (61), age-related declines in muscle mass,
muscle strength and muscle quality (p<0.001) were evident. However, muscle quality
stayed relatively constant after 30-39-years of age. This differs from previous work
examining these variables across time, as one study found an age associated decline in
muscle quality starting at age 20 (63), demonstrating disagreement among studies
examining age-related changes in muscle quality.

Muscle Quality and Physical Function
Evidence supports the association of muscle quality and physical function across
the lifespan. Previous literature assessing muscle quality and physical functional ability in
older adults exist (5,10,54,61,62,64), yet there is significantly less information available
addressing muscle quality and physical functional ability during middle-age (16).
A literature review by Straight et al. (64) found that lower body muscle quality
explained between 29% and 42% of the variance in physical function tests (Stair
Ascent/Decent, Timed-Up-And-Go, and 7- Meter Walk) (65). This literature review
supports the assessment of muscle quality as it explained a high percent of the variance in
physical function score.
Straight et al. (66) assessed body composition, muscular power, muscle quality and
lower extremity physical function in 94 women aged 65 years and older. Muscle quality,
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defined as muscular power (assessed via Nottingham Power Rig) normalized for lower
body mineral free muscle mass, was independently associated with physical function
performance and explained 17% of the variance in performance. Additionally, a cross
sectional study by Straight et al. (67) supports the association between of muscle quality
and physical function. Muscle quality was defined in two ways: leg extension power
normalized for mineral free lean mass of the lower body, and hand grip strength normalized
for body size. Muscle quality defined as leg extension power normalized for mineral free
lean mass of the lower body was more highly related to measures of physical function
compared to the other definition of muscle quality, however, both muscle quality
measurements were significant predictors of physical function outcomes. The research
assessing the association between muscle quality and physical functional ability in older
adults all conclude that measures of muscle quality explain a significant amount of the
changes in physical function. Only a small amount of literature exists examining the
association between muscle quality and physical functional ability in middle-aged women.
Ward-Ritacco et al. (16) assessed body composition via dual energy x-ray
absorptiometry, physical activity via accelerometer, muscular strength at the knee joint via
isokinetic dynamometry at 60 degrees per second, and muscle quality in a cohort of 64
post-menopausal women between the age of 45 and 65 years old. Muscle quality was a
significant predictor of the 30-CS and the 6MWT, but not the 8-Foot-Up-And-Go. This
study is one of the few studies assessing muscle quality and physical function in a cohort
of middle-age women, and the significant findings demonstrate the importance of assessing
each of these factors in middle-aged women.
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Conclusion
Poor physical function ability is associated with an increased risk for the
development of chronic diseases and disability (28,41,42). Physical function has been
studied extensively in older adults, but significantly less research has been done examining
physical function in middle-aged adults. In order to fully understand physical function and
its determinants in middle-aged adults, muscle mass, muscular strength, and muscle quality
should all be assessed, as all have been found to be independently associated with physical
functional ability (13,49,66,68) and each have been separately associated with adverse
health outcomes (8,50,51,64,69).
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CHAPTER 3

METHODOLOGY

Study Design: This is a secondary analysis from a larger cross-sectional study (WHII
Research Project IRB #HU1516-206) designed to examine the impact of physical and
psychological factors on quality of life in middle-aged women. Participants were
recruited by word of mouth, fliers, and e-mail from the University of Rhode Island and
surrounding community.
Procedures: Interested participants completed an online survey to determine eligibility.
To be eligible, participants had to be a woman between the ages of 40 and 64 years old.
Additionally, all participants were required to speak and read English, be weight stable
(~5 pounds for the past 3 months), have a body mass index (BMI) between 18.5 and 45.0
kg/m2, be a non-smoker, not be pregnant, be living independently, be free of diseases or
conditions that would prevent reasonably safe participation in the study, be willing to
wear a physical activity monitor for 7-10 days, and be willing to have a Dual Energy Xray Absorptiometry scan.
Once determined to be eligible, participants scheduled two laboratory-based visits
separated by 7-10 days. During the first visit, informed consent, the Mini-Mental State
Examination (MMSE) (80,81) and Physical Activity Readiness Questionnaire (82,83)
were completed. During Visit 1 participants also completed all physical function
assessments, a Dual Energy X-ray Absorptiometry exam, and were provided with an
ActiGraph accelerometer (ActiGraph GT9XLink, Pensacola, FL) to wear and a physical
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activity log to complete in between visits. During Visit 2, participants completed
muscular strength assessments via a Biodex Isokinetic Dynamometer (Biodex System 4
Pro, Biodex Medical Systems, Inc., Shirley, NY) and physical activity logs were collected
and reviewed.
Anthropometric Assessment: Body weight was assessed via digital scale (Tanita WB-100,
Arlington Heights, IL), and height was assessed via stadiometer (Seca 213, Chino, CA).
Menopausal Status: Menopause status was obtained by self-report, and then classified
according to the SWAN criteria (24,25).
Body Composition: Dual Energy X-ray Absorptiometry (GE Lunar iDXA, Waukesha,
WI) was used to assess body composition (fat mass, percent body fat, and lean mass).
Upper leg lean mass was also assessed and was defined as lean mass contained within the
area between the neck of the femur and the medial and lateral condyles of the femur.
Muscular Strength: Muscular strength was assessed using an isokinetic dynamometer
(Biodex, system 4 Pro, Shirley, NY). Participants underwent bilateral testing for
isometric knee flexion and extension at 60 degrees with 3 sets (holding for 5 seconds
each). Bilateral isokinetic knee extension and flexion at 60 degrees per second and 180
degrees per second were assessed with 2 sets of 4 repetitions. All muscular strength
assessments were conducted in a randomized fashion. The trials that resulted in the
greatest peak torque for the right and left limbs were summed to calculate total peak
torque for the muscular strength assessment of interest.
Assessment of Muscle Quality: Muscle quality was calculated as muscular strength
normalized for upper leg lean mass. Measures of right and left upper leg lean mass were
summed and muscle quality was calculated in three ways: 1) the ratio of upper leg lean
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mass to isometric knee flexion and extension at 60 degrees (MQ-ISO), 2) the ratio of
upper leg lean mass to isokinetic knee flexion and extension at 60 degrees per second
(MQ-KN60), and 3) the ratio of upper leg lean mass to isokinetic knee flexion and
extension at 180 degrees per second (MQ-KN180).
Physical Activity: Physical activity was assessed by accelerometry (Actigraph GT9X
LINK, Pensacola, FL) over a 7 to 10-day period. Participants were asked to wear the
accelerometers on their non-dominant hip for at least 10 hours per day. To be included in
the final analysis participants had to meet the 10-hour goal for at least 4 days. Step count
was calculated using the mean step count on all days which the criteria of 10 hours of
wear time was met. Minutes of moderate to vigorous physical activity was calculated as
the mean time spent in moderate to vigorous physical activity on the days that
participants met the 10-hour wear time goal.
Physical Function: Physical function was assessed using five objectively measured tests
including, the Transfer Task (TRANSFER), the 8-Foot-Up-And-Go (UP-GO), 30 Second
Chair Stand (30-CS), Lift and Carry, and Six- Minute Walk Test (6MWT). TRANSFER
required participants to transfer from a standing position to a seated position on the floor
and then back to a standing position as quickly as possible. The amount of time it took
the participant to perform this task was measured and recorded. The UP-GO test required
participants to stand up from a chair without using their arms, walk as quickly as they
could around a cone paced 8 feet in front of the chair and return to the chair. The amount
of time that it took the participant to perform this task was measured and recorded. The
30-CS required the participant, while keeping their arms crossed against their chest, to
stand up and sit down as many times as possible in 30 seconds. The number of times the
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participant stood was recorded. The 6MWT test required the participant to walk up and
down the hallway on a pre-marked course (15.2 meters for one pass, 30.4 meters for one
lap), turning around at the cones for a total of 6 minutes. The distance covered over the 6
minutes was measured and recorded.
Physical Function Composite Score: A composite score of lower body physical function
assessment was calculated using the results from the TRANSFER, UP-GO the 30-CS,
and 6MWT. To complete this calculation: 1) Z-scores were calculated for each physical
function task, 2) Inverse z-scores were calculated for the UP-GO and the TRANSFER, as
a lower score reflects better performance, 3) finally, the sum of z- scores for the 30-CS,
6MWT, and inverse z-scores for the UP-GO, and TRANSFER were added together for
the final physical function composite score.
Statistical Analysis: All statistical analysis was performed with IBM SPSS Statistics
software, version 26.0 (IBM Corporation, Armonk, NY). Means and SDs were calculated
for all participant characteristics and data was confirmed for normal distribution.
Outlying values were identified as greater or less than 3 SD from the mean.
Pearson correlations were conducted to examine the associations between age,
BMI, percent fat mass, percent lean mass, average moderate and vigorous physical
activity per day, average steps per day, isokinetic peak torque at 180 degrees/second,
isokinetic peak torque at 60 degrees/second, isometric peak torque at 60 degrees, MQISO, MQ-KN180, MQ-KN60, TRANSFER, UP-GO, 30-CS, 6MWT, and the physical
function composite score.
Next, partial correlations, controlling for age and average steps per day, were
conducted to assess the strength of the associations between muscle quality and measures
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of physical function. Finally, linear regression was used to identify the independent
contribution of muscle quality to physical function (composite score and individual
assessments of physical function), while controlling for age and physical activity
(steps/day). Regression analyses were conducted in the following order, with the addition
of a new variable with each step: 1) age; 2) steps/day; 3) specific measure of muscle
quality. All data are presented as mean (SD) and all statistical significance were set at
p<0.05.
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CHAPTER 4

FINDINGS
Participant characteristics (n=111) are presented in Table 1. The current sample
was 53.14 (±6.15) years of age, 97.3% white and consisted of 20.7% premenopausal,
23.4% perimenopausal, and 55.9% post-menopausal women.
The physical function composite score was significantly associated with BMI (r=0.39,), percent body fat (r=-0.50), percent lean mass (r=0.50), average moderate to
vigorous physical activity (r=0.38), average steps per day (r=0.39), KN-180 (r=0.33), KN60 (r=0.31), MQ-ISO (r=0.25), MQ-KN60 (r=0.45), MQ-KN180 (r=0.44) (all p ≤ 0.01).
TRANSFER was significantly associated with age (r=0.25), BMI (r=0.29), percent body
fat (r=0.45), percent lean mass (r=-0.45), average moderate to vigorous physical activity
(r=-0.25), average steps per day (r=-0.24), KN-180 (r=-0.38), KN-60 (r=-0.34), ISO (r=0.24), MQ-ISO (r=-0.27), MQ-KN60 (r=-0.40), and MQ-KN180 (r=-0.44) (all p ≤ 0.01).
UP-GO was significantly associated with BMI (r=0.21), percent body fat (r=0.28), percent
lean mass (r=-0.28), average moderate to vigorous physical activity (r=-0.23), average
steps per day (r=-0.23), MQ- KN60 (r=-0.20))(all p ≤ 0.05). The 30-CS was significantly
associated with BMI (r=-0.26), percent body fat (r=-0.34), percent lean mass (r=-0.34),
average moderate to vigorous physical activity per day (r=0.30), average steps per day
(r=0.31), KN-180 (r=0.21), KN-60 (r=0.21), MQ-ISO (r=0.23), MQ-KN60 (r=0.34),
MQ-KN180 (r=0.33, p<0.001) (all ≤ 0.05). 6MWT was significantly associated with BMI
(r=- 0.45), percent body fat (r=-0.47), percent lean mass (r=0.47), average moderate
to vigorous physical activity (r=0.38), average steps per day (r=0.39), KN-180 (r=0.28),
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KN-60 (r=0.26), MQ-ISO (r=0.27), MQ-KN60 (r=0.45), MQ-KN180 (r=0.45) (all p ≤
0.01).
To determine which physical activity measurement to use when controlling for
physical activity level, average daily minutes of moderate to vigorous activity and average
steps per day were both examined. Average steps per day was slightly more strongly
correlated with the physical function composite score (r=0.39, p<0.001) compared to
average daily minutes of moderate to vigorous physical activity (r=0.38, p<0.001), and
therefore used in further analyses.
Partial correlations, controlled for age and average steps per day, are presented in
Table 2. Both MQ-KN60 and MQ-KN180 were significantly associated with physical
function composite score (p<0.001), however MQ-KN60 was more strongly associated
with the physical function composite score (r=0.43) compared to MQ- KN180 (r=0.40).
As both muscle quality measurements were significantly correlated with physical
functional ability, a regression analysis for each measurement of muscle quality was
performed to assess the independent associations with physical function measurements.
Tables 3 and 4 provide the results for the hierarchical linear regression assessments
for muscle quality and physical function. Table 3 shows that age, steps per day and MQKN60 are independently associated with physical function composite score, TRANSFER,
30-CS, and UP-GO. For the physical function composite score (

=19.143, p<0.001),

age, steps/day and MQ-KN60 explained 3%, 18.1% and 14.3% of the variance,
respectively. Age, steps/day and MQ-KN60 explained 6%, 8.1% and 11.7% of the variance
in TRANSFER
GO (

= 12.29, p<0.001), 2.1%, 6.7% and 2.3% of the variance in UP-

=4.43, p=0.006), 1.7%, 11.4% and 7.9% of the variance for 30-CS (
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=9.52,

p<0.001), and 0%, 15.8% and 15.9% of the variance in 6MWT (

=16.46, p<0.001).

Table 4 presents the associations between age, steps per day and MQ-KN180 and
physical function performance. Age, steps/day, and MQ-KN180 explained 3%, 18.1% and
12.8% of the variance in the physical function composite score (

=17.932, p<0.001),

respectively. Age, steps/day, and MQ-KN180 explained 6%, 8.1% and 13.6% of the
variance in TRANSFER (
UP-GO (

= 13.559, p<0.001), 2.1%, 6.7%, 0.7% of the variance for

=3.717, p=0.014), 1.7%, 11.4%, 6.8% of the variance for 30-CS (

p<0.001), and 0%, 15.8%, 15.7% of the variance for 6MWT (
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=8.868,

=16.251, p<0.001).

CHAPTER 5

CONCLUSION

The current study assessed the associations between measures of muscle mass,
muscular strength, muscle quality, and physical functional ability in middle-aged women.
The major findings from this analysis were that: 1) muscle quality is more highly associated
with physical function than measures of muscular strength alone; 2) MQ-KN60 is more
highly related to a lower body physical function composite score compared to MQ-KN180
and MQ-ISO60; and 3) MQ-KN60 explained additional variance in performance on the
majority of physical function measures compared to MQ-KN180.
The current study supports the association between lower body muscular strength
(both isometric and isokinetic measurements of knee flexors and extensors) and physical
functional ability. When examining measures of isokinetic strength and their associations
with functional performance, our findings suggest that isokinetic strength of the knee
extensors and flexors at 60 degrees per second is more highly related to physical function
tasks that require muscular endurance, strength and flexibility, while isokinetic strength of
the knee extensors and flexors at 180 degrees per second are more highly associated with
activities related to power and balance. This finding supports previous research in which
Ward-Ritacco et al. (16) found isokinetic muscular strength at 60 degrees per second was
significantly associated with UP-GO, 30-CS, and 6MWT in a cohort of middle-aged
women. The results from the current study could be explained by the force-velocity curve,
where lower angular velocity allow higher levels of force to be produced. Previous
research has suggested that the harder the task is, the more force is required to perform that
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task, thus the angular velocity of that motion occurs at a slower rate (11,63,70). This is
important because if slower angular velocities require higher percentage of maximal
voluntary contractions, then assessing at slower angular velocity would allow ability to see
the decline in the ability to perform tasks that require higher percentage of maximal
voluntary contraction.
In the current study, isometric knee strength was also significantly associated with
measures of physical function. This is in agreement with Sowers et al. (4) who found that
isometric knee strength was associated with gait time and the time it takes to ascend and
descend stairs. Additionally, Landers et al. (59), found that measurements of isometric
strength of the lower body were significantly associated with standing from a chair. While
these function measures differ from those in the present study, it is important to note that
isometric strength is indicative of functional ability. However, in our study the strength of
the association between isometric strength and physical function was lower that between
isokinetic strength and physical function. Further, during activities of daily living,
individuals are less likely to perform isometric contractions, but typically move through a
range of motion, suggesting that isokinetic strength measures may be more appropriate.
Additionally, the current study found that MQ-KN60 is most highly related to a
lower body physical function composite score, as well as individual physical function tasks
including TRANSFER, 30-CS, and 6MWT, compared to other measures of muscle quality.
Similar to the present findings, Ward-Ritacco et al. (16), found that MQ-KN60 was
significantly associated with 30-CSand 6MWT performance, indicating that higher MQ is
associated with better functional ability. Ward-Ritacco et al. (16) also found that MQKN60 was significantly associated with UP-GO performance, while the present study did
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not. In the study by Ward-Ritacco et al. (16) all study participants were postmenopausal,
indicating that this assessment may not be appropriate for pre and peri menopausal samples
of middle-aged women. Additionally, Ward-Ritacco et al. (16) only assessed MQ-KN60,
therefore present study provides a more comprehensive assessment of the associations
between muscle quality calculated with isometric strength and isokinetic strength at
varying speeds. The present study found that MQ-KN180 was more highly associated with
UP-GO when compared to MQ-KN60. UP-GO assesses both muscular power and balance
(36). A key component of the development of muscular power is the activation time of the
contraction (11,71). Using the force-velocity relationship, peak power occurs at a higher
percentage of maximum velocity (11,70), demonstrating that measurements using higher
velocity would be more highly associated with measures of muscular power than muscular
strength. Because the measurement of muscular strength at 180 degrees per second
required a shorter duration of muscle activation, it makes sense that this measurement
would be more highly related to muscular power compared to measurement of muscle
strength at 60 degrees per second.
The results from this study also suggest that when resistance training, designing a
program for both increase muscular strength as well as endurance is important as both
measures of muscular strength were associated with physical functions tasks that assess
these components. Additionally, multi-joint exercises should be focused on as most
activities of daily living requires this.
The present study supports support the use of the MQ-KN60 and MQ- KN180 when
examining determinants of physical functional ability that address muscular endurance,
strength and power. The reason why MQ-KN60 is thought to be more highly related to
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tasks that assess endurance and strength is because the measurement of isokinetic muscular
strength at 60 degrees per second has a longer duration to produce the max contraction
causing it to be more strongly associated with endurance and measures of muscular strength
instead of tests that assess muscular power. These results also provide insight into
intervention design, as resistance training programs should be designed to improve
isokinetic strength at 60 degrees per second and at 180 degrees per second, while also
focusing on improving lean mass. Improving muscle quality in these domains should
improve functional performance across the spectrum.
One of the strengths of the current investigation is the use of objective measures
when assessing physical activity (15,27,72). While both subjective and objective methods
have been validated, participants tend to overestimate their levels of physical activity when
using self-report methods (73). The measurement of physical activity in this current study
is also a strength because physical activity level has been reported to affect physical
function performance (6,16). As all analysis of the association between muscular strength,
muscle quality and physical functional ability were controlled for physical activity levels,
the results found in this study are representative of a more accurate measurement of the
association between muscular strength, muscle quality and physical function in middleaged women. An additional strength related to measuring physical activity is the inclusion
of both steps per day and the amount of moderate to vigorous physical activity achieved
by participants. Our results indicate that average steps per day are just slightly more highly
related to a lower body physical function composite score. This supports the use of simple
step counters if more expensive technology such as, accelerometry is unavailable or not
feasible, when designing interventions or crafting behavior change messaging to help
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individuals improve their physical functional ability.
No study is ever without limitations. The current study’s population is not diverse,
where a majority of the study population were Caucasian, and were relatively active with
a mean average steps per day of 8,176.55. Compared to current large studies of physical
activity in adults, it is suggested that the average adults walks on average 6,927 steps per
day (74). Therefore, the results of this study can only truly be applied to the current
population and not generalized for all middle-aged women. The current study also did not
include a measurement of muscular power, which has been shown to have a higher age
related rate of decline compared to muscle mass and muscular strength (9,11), and has
previously been more highly related to physical functional ability compared to muscular
strength (11,17,55). Therefore, it is important to consider this in future studies examining
the determinants of physical function in middle-aged women. Thirdly, while DXA scans
are a highly validated tool for measuring body composition, DXA technology does not
measure intramuscular fat mass, which may be a contributing factor to decreased physical
functional ability (52,53). Thus, studies also assessing body composition using either
computed tomography or MRI, when feasible and warranted, may be beneficial
(11,75,76). The last limitation of this study is that physical functional ability was not
examined by menopausal status groups. Previous research has assessed the association
between menopausal status and physical functional ability (25,33,77), and have found
some differences based on menopausal group. Therefore, examining the data in this
manner would add to the existing body of literature.
To conclude, in relatively healthy middle-aged women, MQ-KN60 is most-highly
associated with physical functional ability compared to other measures of muscle quality
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and muscular strength, even when controlling for age and physical activity level. This
data provides insight into the most appropriate measures to consider when examining the
independent contributors to physical functional ability in middle-aged women. Future
research can build on these results by measuring isokinetic muscular strength and
calculating muscle quality using isokinetic measurements. Based on these results,
exercise interventions focusing on improving muscle quality could be implemented in
hopes to help improve physical function across the lifespan.

35

TABLES
Table 1. Participant Characteristics
Demographics
Sample
PrePeriPostMean ±
Menopausal Menopausal Menopausal
Range
SD
(n = 23)
(n = 26)
(n = 62)
(n = 111)
Age (years)
53.14 ±
40.00 –
45.91 ±
49.81 ±
57.22 ±
6.15
64.00
3.49
3.72
4.09
Height (cm)
163.47 ±
150.60 –
164.74 ±
164.64 ±
162.51 ±
5.54
177.60
6.06
5.49
5.25
Weight (kg)
70.41 ±
44.30 –
72.59 ±
75.15 ±
67.62 ±
15.09
118.30
14.71
17.71
13.60
Body mass
26.31 ±
17.63 –
26.70 ±
27.64 ±
25.60 ±
5.54
42.93
5.03
5.91
5.00
index (kg/m2)
Body fat (%)
37.98 ±
18.99 –
37.26 ±
38.42 ±
38.18 ±
8.06
55.84
7.64
7.92
8.49
Lean mass (%)
62.01±
44.16 –
62.74 ±
61.58 ±
61.82 ±
8.06
81.01
7.64
7.92
8.49
PA: Steps/day
8176.55 ±
2183 –
7637.34 ±
7240.75 ±
8769.02 ±
3329.15
20301.83
2765.46
2725.27
3653
PA:
31.90 ±
1.00 –
29.71 ±
24.04 ±
36.00 ±
MVPA/day
24.29
113.14
20.64
21.06
26.14
(min)
Physical
Mean ±
Range
Function
SD
Transfer Task
3.89 ±
1.53 – 8.19 3.63 ± 1.25
3.77 ± 1.05
4.04 ± 1.12
(sec)
1.13*
30 Second
20.14 ±
Chair Stand
10.0 – 38.0 20.91 ± 5.67 20.38 ± 5.70 19.74 ± 5.11
5.34
(reps)
6 Minute Walk
574.28± 429.3 –
570.53 ±
580.78 ±
572.92 ±
(m)
67.88*
734.3
74.31
56.93
70.50
8 foot Up and
5.21 ±
5.00 ±
5.16 ±
5.34 ±
2.38 – 7.37
Go (sec)
0.89
1.11
0.79
0.84
Lift and Carry
58.61 ±
38.8 –
57.74 ±
58.31 ±
59.07 ±
(sec)
10.81*
104.9
11.05
13.07
9.80
PF-Composite
0.00 ±
-9.06 –
0.54 ±
0.29 ±
-0.33 ±
Score
3.01**
8.34
3.07
2.89
3.04
Note. Data is presented as mean ± SD unless stated otherwise, MVPA = moderate to
vigorous physical activity, *n=110, **n=109
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Table 2. Partial Correlations, Controlled for Age and Average Steps Per Day,
Examining Associations Between Muscular Strength, Muscle Quality, And
Physical Function
KN180 KN60 ISO MQ- MQ- MQ- TRANS UP- GO 30- 6MWT PFCS
ISO KN60 KN180
CS
.84** .70** .46** .74** .74** -.29*
-.03
.11 .29*
.25*
KN180 1.00
KN60

ISO
MQ-ISO
MQ-KN
MQKN180
TRANS

1.00

.80** .53** .53** .53**

-.25*

-.08

.11

.28*

.25*

1.00 .78** .60** .45**

-.15

.07

.06

.13

.09

-.25*

.02

.19* .24*

.23*

.82**

-.37**

-.15

.28* .42**

.43**

1.00

-.40**

-.08

.27* .42**

.40**

1.00

.13

-.44** .50**
.72**
-.33* .35**
.64**
1.00 .36** .77**

1.00 .79** .69**
1.00

UP-GO

1.00

30-CS

1.00

6MWT

PFCS

.74**
1.00

Note. * p<0.05, **p<0.001, KN180 = Isokinetic 180 degrees/second, KN60= Isokinetic
60 degrees/second, ISO= Isometric 60 degrees, MQ-ISO = Muscle quality isometric 60
degrees, MQ-KN60= Muscle quality 60 degrees/second, MQ-KN180= Muscle quality at
180 degrees/second, TRANS = Transfer Task, UP-GO= 8-Foot-Up-And-Go, 30-CS= 30Second Chair Stand, 6MWT= 6-Minute Walk Test, PFCS= Physical Function Composite
Score
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Table 3. Regression Analysis Summary for Variables Associated with Physical
Function
Performance
B
SEB
p
β
Variables
95% CI
2
(a) Physical Function Composite Score (R = .350, p < .001)
.04
Age
-.09
.02
-.18
[-.16, -.01]
Steps/Day
.34
<.001
.38
[.19, .48]
.07
.04
MQ-KN60
.20
<.001
.38
[.12, .28]
(b) Transfer Task (R2 = .258, p < .001)
.02
Age
.05
.005
.24
[.01,.08]
.03
Steps/Day
-.08
.005
-.24
[-.14, -.03]
.02
MQ-KN60
-.07
<0.001
-.35
[-.10, -.04]
(c) 30 second Chair Stand (R2 = .211, p = .001)
Age
-.13
.10
-.15
[-.28, .03]
.08
.14
Steps/Day
.49
.001
.30
[.21, .77]
.09
MQ-KN60
.27
.001
.29
[.11, .43]
(d) 6-minute Walk (R2 = .318, p < .001)
Age
-.05
.96
-.004
[-1.84, 1.75]
.91
Steps/Day
7.09 1.67
<.001
.35
[3.79, 10.39]
.97
MQ-KN60
4.81
<.001
.41
[2.90, 6.73]
(e) 8-foot Up and Go (R2 = .110, p = .099)
.01
Age
.02
.08
.17
[-.003, .05]
Steps/Day
-.06
.01
-.24
[-.11, -.02]
.03
.01
MQ-KN60
-.02
.01
-.16
[-.05, .01]
Note. Age (years); Steps (PA; Steps/day per 1000 steps); B = Unstandardized regression
coefficient; β = Standardized regression coefficient
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Table 4. Regression Analysis Summary for Variables Associated with Physical
Function Performance
Variables
SEB
95% CI
B
p
β
(a) Physical Function Composite Score (R2=.339, p<0.001)
Age
-.08
.04
.02
-.19
[-.17, -.01]
.33
Steps/Day
.07
<.001
.37
[.19, .48]
.26
MQ-KN180
.06
<.001
.37
[.15, .38]
(b) Transfer Task (R2 = .277, p < .001)
Age
.02
.01
.24
[.01, .07]
.04
Steps/Day
-.08
.03
.01
-.23
[-.13, -.02]
MQ-KN180
-.10
.02
<.001
-.38
[-.15, -.06]
(c) 30 second Chair Stand (R2 = .199, p = .003)
Age
-.13
.08
.10
-.15
[-.28, .03]
.48
Steps/Day
.14
.001
.30
[.20, .76]
.34
MQ-KN180
.11
.003
.27
[.12, .56]
(d) 6-minute Walk (R2 = .315, p < .001)
Age
-.06
.91
.949
-.005
[-1.86, 1.74]
6.83
Steps/Day
1.68
<.001
.34
[3.51, 10.15]
6.52
MQ-KN180
1.33
<.001
.40
[3.89, 9.15]
(e) 8-foot Up and Go (R2 = .094, p = .365)
.03
Age
.01
.07
.17
[-.002, .05]
Steps/Day
-.07
.03
.01
-.25
[-.12, -.02]
MQ-KN180
-.02
.02
.37
-.09
[-.06, .02]
Note. Age (years of age); Steps (PA; Steps/day per 1000 steps); B = Unstandardized
regression coefficient; β = Standardized regression coefficient
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FIGURES

Figure 1: Study Flow Chart
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Appendix A: Participant Screening Questionnaire
WHII Screening Questionnaire

Start of Block: Default Question Block
Q1

Thank

you

for

your

interest

in

our

research

study.

The purpose of this research study is to assess markers of physical and mental health
and
quality of life among middle-aged women. We are asking eligible participants to come
to
the
Department of Kinesiology at the University of Rhode Island for two measurement
visits
that
will be completed 7-10 days apart. If you participate in the study, we will measure
your
body
composition, ask you questions about yourself, such as questions about your body
perceptions, personality, and well-being, assess your physical function, muscular
strength,
and
assess your levels of physical activity and levels of stress. We will also ask you to
wear
a
physical activity monitor clipped to your waist during all waking hours for 7 days,
provide
us
with saliva samples and answer some questionnaires at home during the time between
your
visits.

Do you think you might be interested in participating in this study?

o Yes
o No
Skip To: Q2 If Thank you for your interest in our research study. The purpose of this
research study is to asses... = Yes
Skip To: End of Survey If Thank you for your interest in our research study. The
purpose of this research study is to asses... = No
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Q2 Before enrolling you in our study, we need to ask you some questions to determine
if you are eligible. Please answer the following questions about yourself and your health
history. This should only take about 15 minutes of your time. Some of these questions
pertain to sensitive topics and therefore there is a possibility that some of these questions
may make you uncomfortable. If so, you can skip any questions you do
not
choose
to
answer.
All information that you share in this screening process, including your name and any
other information that can possibly identify you, will be strictly confidential and will be
kept under lock and key. If after completion of this screening process it is determined
that you are not eligible for the study then, if you grant us permission, we will keep your
screening information in a password protected computer file in the event our eligibility
criteria change and you then become eligible for participation in the
current
study.
If you do not want us to keep your information on file, we will record the reason for
your ineligibility, without any of your identifying information and then destroy your
screening information. If you are eligible for the study and you decide to participate,
your information will be coded with an identifying number and we will contact you to
schedule your first visit. Remember, your participation is voluntary; you can refuse to
answer any questions or stop the screening process at any time without penalty or loss
of benefits to which you are otherwise entitled.

Do we have your permission to ask you these questions?

o Yes
o No
Skip To: Q4 If Before enrolling you in our study, we need to ask you some questions to
determine if you are elig... = Yes
Skip To: End of Survey If Before enrolling you in our study, we need to ask you some
questions to determine if you are
elig...
=
NoQ4 This study
includes the administration of bone and body composition scan, using Dual Energy
X-ray Absorptiometry, commonly referred to as a DXA scan or a bone scan. This scan
uses
a
small amount of radiation to assess your body composition including your fat mass,
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muscle
mass and bone density. The three scans that we are administering together amount to
approximately 1/6 of the amount of radiation used during one traditional x-ray.

Are you willing to undergo a DXA scan?

o Yes
o No
Skip To: Q5 If This study includes the administration of bone and body composition
scan, using Dual Energy X-ray... = Yes
Skip To: End of Survey If This study includes the administration of bone and body
composition scan, using Dual Energy X-ray... = No

Q5 Are you between the ages of 40 and 64 years?

o Yes
o No
Skip To: Q6 If Are you between the ages of 40 and 64 years? = Yes
Skip To: End of Survey If Are you between the ages of 40 and 64 years? = No
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Q6 What is your date of birth?

Please enter below

Month

Date

Year

Q47 What is your current age in years?

▼ 30 ... 80

Q7 Do you understand spoken and written English?

o Yes
o No
Q8 What is your current height in feet and inches?

Feet

▼ 0 ... 11

Inches

▼ 0 ... 11

45

Q9 What is your current weight in pounds?

Q10 What is your highest weight in the past 3 months in pounds?

Q11 What is your lowest weight in the past 3 months in pounds?

Q12 Do you live independently?

o Yes
o No
Q13
Are you able to transport yourself or obtain transportation to the URI Kingston
campus
for
measurement visits?

o Yes
o No

45

2

Q14 Do you currently smoke or have you smoked within the past 6 months?

o Yes
o No
Q15
Have you recently experienced a cardiovascular disease event (e.g. recent myocardial
infarction, stent placement) or do you have unstable cardiovascular disease (e.g.
unstable angina)?

o Yes
o No
Q16 Do you have a history of COPD (e.g. chronic bronchitis, emphysema) or severe
asthma?

o Yes
o No
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Q17
Do you have a history of severe orthopedic/musculoskeletal or neuromuscular
impairments that would contraindicate exercise (including severe arthritis)?

o Yes
o No
Display This Question:
If Do you have a history of severe orthopedic/musculoskeletal or neuromuscular
impairments that woul... = Yes
Q18 If you answered yes above, please provide us with some information about these
conditions:

Q19 Have you been diagnosed with Type 1 or Type 2 Diabetes mellitus?

o Yes
o No
Display This Question:
If Have you been diagnosed with Type 1 or Type 2 Diabetes mellitus? = Yes
Q20 Have you been diagnosed with Type 1 or Type 2 Diabetes mellitus?

o Type 1
o Type 2
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Display This Question:
If Have you been diagnosed with Type 1 or Type 2 Diabetes mellitus? = Yes
Q21 Is your medication stabilized?

Q22 Have you been diagnosed with HIV?

o Yes
o No
Q23 Do you have a history of dizziness or balance disorders?

o Yes
o No
Q24 Have you ever been diagnosed with mental illness, clinical depression or
dementia?

o Yes
o No
Display This Question:
If Have you ever been diagnosed with mental illness, clinical depression or
dementia? = Yes
Q25 If yes, can you tell us more about your diagnosis and treatment plan:
Q26 Do you use an assistive device to help you walk (e.g. canes, crutches, walkers,
braces)?Y
Yes
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o No
Q27 Have you ever been diagnosed with any of the following?
Yes
No

o

o

High blood cholesterol?

o

o

Cardiovascular disease (such
as heart disease; heart attack,
myocardial
infarction), congestive heart
failure (CHF), heart rhythm
disorders
(arrhythmias),
heart murmur, chest pain
(angina)?

o

o

Cerebrovascular
disease
(such as a stroke, transient
ischemic attack (TIA))?

o

o

Peripheral Vascular Disease
(PVD)?

o

o

Chronic
Obstructive
Pulmonary Disease (such as
emphysema,
chronic
bronchitis)?

o

o

Asthma?

o

o

Arthritis (such as osteoarthritis, degenerative joint
rheumatoid
disease,
arthritis)?

o

o

Upper
gastrointestinal
disease (such as an ulcer,
hiatal
hernia,
gastroesophageal
reflux

o

o

High
blood
(hypertension)?

pressure
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disease (GERD)?
Chronic liver disease (such
as chronic or persistent
hepatitis, cirrhosis)?

o

o

Cancer?

o

o

a) If yes, please specify
type:

o

o

b) If yes, please specify date
of diagnosis:

o

o

Anorexia nervosa
(not
eating and losing extreme
amounts of weight)?

o

o

Bulimia (eating, sometimes
large amounts of food and
then vomiting)?

o

o

Degenerative disc disease?

o

o

Depression?

o

o

Anxiety?

o

o

Visual impairment (such as
cataracts,
glaucoma,
macular degeneration)?

o

o

Hearing impairment?

o

o

Thyroid dysfunction (such as
hyperthyroidism,
hypothyroidism)?

o

o
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Fibromyalgia?

o

o

Chronic fatigue syndrome?

o

o

Anemia?

o

o

Hashimoto’s disease?

o

o

Epilepsy?

o

o

Lupus (SLE)?

o

o

Endometriosis?

o

o

Moderate to severe back
pain?

o

o

Frequent and/or
headaches?

o

o

Environmental allergies?

o

o

Do you have a history of
having broken bones?

o

o

Have you had any surgeries
as an adult?

o

o

a) If yes, please provide
information about the nature
of the surgery below.

o

o

severe
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Q28
Do you have any other health issues you would like to disclose?

o Yes
o No
Display This Question:
If Do you have any other health issues you would like to disclose? = Yes
Q48
If yes, please provide information in the space below.

Q29
Do

you

take

any

medications

or

supplements?

o Yes
o No
Display This Question:
If Do you take any medications or supplements? = Yes
Q49
If yes, please list these in the space below, and indicate the dose (amount) you take,
what
you take the medication to treat, and the frequency with which you take this
medication.
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Q53
Which of the following racial or ethnic groups best describes you? (Please select all
categories that apply.)
Asian/Pacific
Black
Hispanic
Indian/Alaskan
White
Other: Please describe
Q54 How many alcoholic beverages do you drink (includes wine, beer and hard
liquor)?

o None
o Less than once a week
o 1-3 drinks per week
o 4-6 drinks per week
o 1 drink daily
o 2 drinks daily
o 3 drinks daily
o More than 3 drinks daily
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Q55 How many caffeinated beverages do you drink (includes coffee, soda, energy
drinks)?

o None
o Less than once a week
o 1-3 drinks per week
o 4-6 drinks per week
o 1 drink daily
o 2 drinks daily
o 3 drinks daily
o More than 3 drinks daily
Q56 On average, how many meals do you consume each day?

▼ 0 ... 12
Q57 Do you try to eat a special diet?

o Low fat
o Low carbohydrate
o High protein
o Vegetarian
o Other:

_
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Q58 How many servings of dairy do you consume each day?

▼ 0 ... 9

Q59 How many servings of fruits do you consume each day?

▼ 0 ... 9

Q60 How many servings of vegetables do you consume each day?

▼ 0 ... 9

Q61 How many servings of fish do you consume each week?

▼ 0 ... 9

Q62 Please describe your current employment.
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Q63 Would you describe your current employment as:

o Full time – working at least 35 hours/week
o Part time – working less than 35 hours/week
o Laid-off or unemployed, but looking for work
o Laid-off or unemployed, but not looking for work
o Retired, not working at all
o Retired, working part-time
o Disabled
o Full time homemaker
o Other,
please

specify:

Q64 If you are retired, please describe your primary occupation when you were
working.

Q65 Please tell us about your highest level of education:

o Less than a high school diploma
o High school diploma or equivalent
o Some College
o Graduated from college
o Graduate or professional degree
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Q66 Have you ever been married or lived with a partner?

o Yes
o No

57

Q67 Have you ever been divorced or had a live-in relationship end?

o Yes
o No
Q68 Have you ever been widowed or had a live-in partner die?

o Yes
o No
Q69 Do you now live with a partner or spouse?

o Yes
oNo
Q70 If you currently live with a partner or spouse, what is your partner's highest level of
education (last grade completed or degree(s) received):

o Less than a high school diploma
o High school diploma or equivalent
o Some college
o Graduated from college
o Graduate or professional degree
Q71 Your total yearly household income (includes income from all sources):

o $0-14,999
o $15,000-29,999
o $30,000-44,999
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o $45,000-59,999
o $60,000-74,999
o $75,000-99,999
o $100,000-149,999
o $150,000-199,999
o $200,000-249,999
o $Over 250,000
Q72 Other than yourself, how many people live in your household?

▼ 0 ... 10
Q73 Do you have children (biological, adopted or extended family)?

o Yes
o No
Q74 If yes, how many?

▼ 1 ... N/A

Q75 How many (if any) currently live with you?

▼ 0 ... N/A

Q76
What

are

the

current

major

stressors
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or

life

changes

in

your

life?

Please provide an explanation here:

Q78
Any

major

changes

in

family

health

during

the

past

year?

If yes, please explain:

Q79 How would you describe your sexual orientation?

o Heterosexual
o Lesbian
o Bisexual
o Other

(please

specify:)

Q31 How would you describe your current menstrual status?

o Premenopause (before menopause; having regular periods)
o Perimenopause/menopause transition (changes in periods, but have not gone
12 months in a row without a period)

o Postmenopause (after menopause)
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Q32 If you are post menopausal, was your menopause:

o Spontaneous (natural)
o Surgical (removal of both ovaries)
o Due to chemotherapy or radiation therapy
o Other,
please

explain:

oNot applicable
Q33
If you are no longer having periods, what was your age when you had your last
period?

▼ 20 ... 65

Q34 If you are still having periods, how often do they occur?

Q35 On average, how many days does your period last?
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Q36 Are your periods painful?

o Yes
o No
o Not applicable
Q37 If yes, how painful?

o Mild
o Moderate
o Severe
o Not applicable
Q38 Do you have any problems with PMS?

o Yes
o No
Q39 How would you rate your knowledge about menopause?

o Very good
o Moderately good
o Fair
o Little Knowledge
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Q40 Where do you get your information about menopause (mark all that apply)
Books
Internet
Magazines
Friends

TV
Health care providers
Other

_

Q41 How do you view menopause?

oPositively. For example, menopause means no more periods and no more
worry about contraception.

o Neutral.
oNegatively. For example, menopause means a loss of fertility and loss of
youth.

o Other:

_
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Q42
What concerns you about menopause? Please provide any of your thoughts in the
space
provided.

Q43 What are your current views regarding hormone therapy for menopause?

o Positive. Hormone therapy is appropriate for some women.
o Neutral.
o Negative. I don’t support the use of hormone therapy.
Q44
What concerns you most about hormone replacement therapy? Please provide any of
your thoughts in the space provided.
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Q45 Please mark the appropriate box with to record your response to the following:
How often do you engage in each of the following behaviors?
More than
Every 6
Once a year Every 2
every
2 Never
months
years
years
See a health
care

o

o

o

o

o

See a health
care
professional
for a women’s
health exam?

o

o

o

o

o

See a dental
professional
for a dental
exam/cleaning?

o

o

o

o

o

See a health
care
professional
for an eye
exam?

o

o

o

o

o

professional
for a general
physical exam?
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Q46 Please mark the appropriate box to record your response to the following: How
often do you engage in each of the following behaviors?
More
Every
Every 6
Once a
Every 2
than
Never
month
months
year
years
every 2
years

o

o

o

o

o

o

o

o

o

o

o

o

How often do
you
have
mammograms?

o

o

o

o

o

o

How often do
you breast selfexamine?

o

o

o

o

o

o

How often do
you have a pap
smear?
How often do
you
have
breast exams
by a doctor or
nurse?

Q50 What is the best way to contact you?

o Phone
o Email
o Mail
o Other

_

Q51 Please enter the following contact information:
Full Name
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Q86 Please provide us with a phone number to reach you (including area
code)

o Phone Number

_

Q87 Please provide us with an email address (if you have one)

o Email Address _ ___________________
Q88 Please provide us with a mailing address, including Street,
City/Town, Zip Code

o Address ____________________________
Q52 Thank you very much for your time. Based on the
information you provided us in this questionnaire, we will
determine your eligibility to participate in the study. We will
be contacting you in the near future to schedule your first visit
to the research lab at the University of Rhode Island. If you
have any questions about this research project, please feel free
to contact our Principal Investigator, Dr. Sabik by email at
sabik@uri.edu or by phone at (401) 874-5439. You can
contact Dr. Ward-Ritacco by email christieward@uri.edu or
by phone at (401) 874-5638.
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Appendix C: Mini-Mental State Examination
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Appendix D: Physical Activity Readiness Questionnaire
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Appendix E: ActiGraph Accelerometer Instruction
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Appendix F: ActiGraph Accelerometer Record of Wear
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Appendix G: Biodex Strength and Endurance Data Sheet
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Appendix H: Physical Function Data Sheet:

79

80

BIBLIOGRAPHY
1. Sandra L Colby, Jennifer M Ortman. Projections of the Size and Composition of the U.S.
Population: 2014 to 2060. 2014;25–1143.
2. Karvonen-Gutierrez CA, Ylitalo KR. Prevalence and Correlates of Disability in a Late
Middle-Aged Population of Women. J Aging Health. 2013 Jun 1;25(4):701–17.
3. Ylitalo KR, Karvonen‐Gutierrez C, McClure C, Khoudary SRE, Jackson EA, Sternfeld B, et
al. Is self-reported physical functioning associated with incident cardiometabolic
abnormalities or the metabolic syndrome? Diabetes/Metabolism Research and Reviews.
2016;32(4):413–20.
4. Sowers M, Jannausch ML, Gross M, Karvonen-Gutierrez CA, Palmieri RM, Crutchfield M,
et al. Performance-based Physical Functioning in African-American and Caucasian Women
at Midlife: Considering Body Composition, Quadriceps Strength, and Knee Osteoarthritis.
Am J Epidemiol. 2006 May 15;163(10):950–8.
5. Buchner DM, de Lateur BJ. The Importance of Skeletal Muscle Strength to Physical
Function in Older Adults. Ann Behav Med. 1991 Jan 1;13(3):91–8.
6. Savikangas T, Tirkkonen A, Alen M, Rantanen T, Fielding RA, Rantalainen T, et al.
Associations of physical activity in detailed intensity ranges with body composition and
physical function. a cross-sectional study among sedentary older adults. Eur Rev Aging Phys
Act. 2020 Jan 24;17(1):4.
7. Delmonico MJ, Beck DT. The Current Understanding of Sarcopenia: Emerging Tools and
Interventional Possibilities. American Journal of Lifestyle Medicine. 2017 Mar;11(2):167–
81.
8. Miljkovic N, Lim J-Y, Miljkovic I, Frontera WR. Aging of Skeletal Muscle Fibers. Ann
Rehabil Med. 2015 Apr;39(2):155–62.
9. Metter EJ, Conwit R, Tobin J, Fozard JL. Age-Associated Loss of Power and Strength in the
Upper Extremities in Women and Men. The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences. 1997 Sep 1;52A(5):B267–76.
10. Brady AO, Straight CR, Evans EM. Body Composition, Muscle Capacity, and Physical
Function in Older Adults: An Integrated Conceptual Model. Journal of Aging and Physical
Activity. 2014 Jul 1;22(3):441–52.
11. Barbat-Artigas S, Rolland Y, Zamboni M, Aubertin-Leheudre M. How to assess functional
status: A new muscle quality index. J Nutr Health Aging. 2012 Jan 1;16(1):67–77.
12. Misic MM, Valentine RJ, Rosengren KS, Woods JA, Evans EM. Impact of Training
Modality on Strength and Physical Function in Older Adults. Gerontology. 2009;55(4):411–
6.
13. Delmonico MJ, Harris TB, Visser M, Park SW, Conroy MB, Velasquez-Mieyer P, et al.
Longitudinal study of muscle strength, quality, and adipose tissue infiltration. Am J Clin
Nutr. 2009 Dec 1;90(6):1579–85.
81

14. Brady AO, Straight CR, Schmidt MD, Evans EM. Impact of body mass index on the
relationship between muscle quality and physical function in older women. The journal of
nutrition, health & aging. 2014 Apr;18(4):378–82.
15. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV, et al. The
Loss of Skeletal Muscle Strength, Mass, and Quality in Older Adults: The Health, Aging and
Body Composition Study. The Journals of Gerontology Series A: Biological Sciences and
Medical Sciences. 2006 Oct 1;61(10):1059–64.
16. Ward-Ritacco CL, Adrian AL, Johnson MA, Rogers LQ, Evans EM. Adiposity, physical
activity, and muscle quality are independently related to physical function performance in
middle-aged postmenopausal women. Menopause. 2014 Oct;21(10):1114–21.
17. Brady AO, Straight CR. Muscle capacity and physical function in older women: What are the
impacts of resistance training? Journal of Sport and Health Science. 2014 Sep 1;3(3):179–88.
18. Corbie-Smith GM, Durant RW, St. George DMM. Investigators’ assessment of NIH
mandated inclusion of women and minorities in research. Contemporary Clinical Trials. 2006
Dec 1;27(6):571–9.
19. Messier V, Rabasa-Lhoret R, Barbat-Artigas S, Elisha B, Karelis AD, Aubertin-Leheudre M.
Menopause and sarcopenia: A potential role for sex hormones. Maturitas. 2011 Apr
1;68(4):331–6.
20. Brown M. Skeletal muscle and bone: effect of sex steroids and aging. Advances in
Physiology Education. 2008 Jun;32(2):120–6.
21. Anne B. Newman, Jennifer S. Brach. Gender Gap in Longevity and Disability in Older
Persons. Epidemiol Rev. 2001;23(2):343–50.
22. Mitchell WK, Atherton PJ, Williams J, Larvin M, Lund JN, Narici M. Sarcopenia,
Dynapenia, and the Impact of Advancing Age on Human Skeletal Muscle Size and Strength;
a Quantitative Review. Front Physiol [Internet]. 2012 [cited 2019 Oct 28];3. Available from:
https://www.frontiersin.org/articles/10.3389/fphys.2012.00260/full
23. Maltais ML, Desroches J, Dionne IJ. Changes in muscle mass and strength after menopause.
J Musculoskelet Neuronal Interact. 2009;9(4):186–97.
24. El Khoudary SR, Greendale G, Crawford SL, Avis NE, Brooks MM, Thurston RC, et al. The
menopause transition and women’s health at midlife: a progress report from the Study of
Women’s Health Across the Nation (SWAN). Menopause. 2019 Sep 23;26(10):1213–27.
25. El Khoudary SR, McClure CK, VoPham T, Karvonen-Gutierrez CA, Sternfeld B, Cauley JA,
et al. Longitudinal Assessment of the Menopausal Transition, Endogenous Sex Hormones,
and Perception of Physical Functioning: The Study of Women’s Health Across the Nation. J
Gerontol A Biol Sci Med Sci. 2014 Aug 1;69(8):1011–7.
26. Karvonen-Gutierrez CA, Peng Q, Peterson M, Duchowny K, Nan B, Harlow S. Low grip
strength predicts incident diabetes among mid-life women: the Michigan Study of Women’s
Health Across the Nation. Age Ageing. 2018 Sep 1;47(5):685–91.

82

27. Bouchard DR, Héroux M, Janssen I. Association Between Muscle Mass, Leg Strength, and
Fat Mass With Physical Function in Older Adults: Influence of Age and Sex. J Aging Health.
2011 Mar 1;23(2):313–28.
28. Mayhew AJ, Griffith LE, Gilsing A, Beauchamp MK, Kuspinar A, Raina P. The Association
Between Self-Reported and Performance-Based Physical Function With Activities of Daily
Living Disability in the Canadian Longitudinal Study on Aging. J Gerontol A Biol Sci Med
Sci. 2020 Jan 1;75(1):147–54.
29. Woods JL, Iuliano-Burns S, King SJ, Strauss BJ, Walker KZ. Poor physical function in
elderly women in low-level aged care is related to muscle strength rather than to measures of
sarcopenia. Clin Interv Aging. 2011;6:67–76.
30. Schrack JA, Kuo P-L, Wanigatunga AA, Di J, Simonsick EM, Spira AP, et al. Active-toSedentary Behavior Transitions, Fatigability, and Physical Functioning in Older Adults. J
Gerontol A Biol Sci Med Sci. 2019 Mar;74(4):560–7.
31. Kyle UG, Genton L, Hans D, Karsegard L, Slosman DO, Pichard C. Age-related differences
in fat-free mass, skeletal muscle, body cell mass and fat mass between 18 and 94 years. Eur J
Clin Nutr. 2001 Aug;55(8):663–72.
32. Ferrucci L, Guralnik JM, Buchner D, Kasper J, Lamb SE, Simonsick EM, et al. Departures
From Linearity in the Relationship Between Measures of Muscular Strength and Physical
Performance of the Lower Extremities: The Women’s Health and Aging Study. The Journals
of Gerontology Series A: Biological Sciences and Medical Sciences. 1997 Sep
1;52A(5):M275–85.
33. El Khoudary SR, Chen H-Y, Barinas-Mitchell E, McClure C, Selzer F, Karvonen-Gutierrez
C, et al. Simple physical performance measures and vascular health in late midlife women:
the Study of Women’s Health across the nation. International Journal of Cardiology. 2015
Mar 1;182:115–20.
34. Jenkinson C, Wright L, Coulter A. Criterion validity and reliability of the SF-36 in a
population sample. Qual Life Res. 1994 Feb 1;3(1):7–12.
35. McHorney CA, Ware JE, Raczek AE. The MOS 36-Item Short-Form Health Survey (SF-36):
II. Psychometric and Clinical Tests of Validity in Measuring Physical and Mental Health
Constructs. Medical Care. 1993;31(3):247–63.
36. O’Neill D, Forman DE. The importance of physical function as a clinical outcome:
Assessment and enhancement. Clinical Cardiology [Internet]. [cited 2019 Dec 29];n/a(n/a).
Available from: https://onlinelibrary.wiley.com/doi/abs/10.1002/clc.23311
37. Schoene D, Wu SM-S, Mikolaizak AS, Menant JC, Smith ST, Delbaere K, et al.
Discriminative Ability and Predictive Validity of the Timed Up and Go Test in Identifying
Older People Who Fall: Systematic Review and Meta-Analysis. Journal of the American
Geriatrics Society. 2013;61(2):202–8.
38. Enright PL, Sherrill DL. Reference Equations for the Six-Minute Walk in Healthy Adults.
Am J Respir Crit Care Med. 1998;158:1384–7.

83

39. Jones CJ, Rikli RE, Beam WC. A 30-s Chair-Stand Test as a Measure of Lower Body
Strength in Community-Residing Older Adults. Research Quarterly for Exercise and Sport.
1999 Jun 1;70(2):113–9.
40. Murphy MA, Olson SL, Protas EJ, Overby AR. Screening for Falls in Community-Dwelling
Elderly. Journal of Aging and Physical Activity. 2003 Jan 1;11(1):66–80.
41. Ryan A, Murphy C, Boland F, Galvin R, Smith SM. What Is the Impact of Physical Activity
and Physical Function on the Development of Multimorbidity in Older Adults Over Time? A
Population-Based Cohort Study. J Gerontol A Biol Sci Med Sci. 2018 Oct 8;73(11):1538–44.
42. Vasunilashorn S, Coppin AK, Patel KV, Lauretani F, Ferrucci L, Bandinelli S, et al. Use of
the Short Physical Performance Battery Score to Predict Loss of Ability to Walk 400 Meters:
Analysis From the InCHIANTI Study. The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences. 2009 Feb 1;64A(2):223–9.
43. Bouchard DR, Beliaeff S, Dionne IJ, Brochu M. Fat Mass But Not Fat-Free Mass Is Related
to Physical Capacity in Well-Functioning Older Individuals: Nutrition as a Determinant of
Successful Aging (NuAge)—The Quebec Longitudinal Study. J Gerontol A Biol Sci Med
Sci. 2007 Dec 1;62(12):1382–8.
44. Christie L. Ward. Fatigue and Physical Function in Middle-Aged Postmenopausal Women,
Including Breast Cancer Survivors: Exploring the Contributions of Body Composition,
Physical Activity, and Muscular Performance.
45. Sternfeld B, Ngo L, Satariano WA, Tager IB. Associations of Body Composition with
Physical Performance and Self-reported Functional Limitation in Elderly Men and Women.
Am J Epidemiol. 2002 Jul 15;156(2):110–21.
46. Douchi T, Yamamoto S, Yoshimitsu N, Andoh T, Matsuo T, Nagata Y. Relative contribution
of aging and menopause to changes in lean and fat mass in segmental regions. Maturitas.
2002 Aug 30;42(4):301–6.
47. Cawthon PM, Fox KM, Gandra SR, Delmonico MJ, Chiou C-F, Anthony MS, et al.
Clustering of Strength, Physical Function, Muscle, and Adiposity Characteristics and Risk of
Disability in Older Adults. Journal of the American Geriatrics Society. 2011;59(5):781–7.
48. Janssen I, Heymsfield SB, Wang Z, Ross R. Skeletal muscle mass and distribution in 468
men and women aged 18–88 yr. Journal of Applied Physiology. 2000 Jul 1;89(1):81–8.
49. Buford TW, Lott DJ, Marzetti E, Wohlgemuth SE, Vandenborne K, Pahor M, et al. Agerelated differences in lower extremity tissue compartments and associations with physical
function in older adults. Experimental Gerontology. 2012 Jan 1;47(1):38–44.
50. Visser M, Newman AB, Nevitt MC, Kritchevsky SB, Stamm EB, Goodpaster BH, et al.
Reexamining the Sarcopenia Hypothesis: Muscle Mass versus Muscle Strength. Annals of
the New York Academy of Sciences. 2000;904(1):456–61.
51. Reid KF, Naumova EN, Carabello RJ, Phillips EM, Fielding RA. Lower extremity muscle
mass predicts functional performance in mobility-limited elders. The Journal of Nutrition
Health and Aging. 2008 Sep;12(7):493–8.
84

52. Visser M, Goodpaster BH, Kritchevsky SB, Newman AB, Nevitt M, Rubin SM, et al. Muscle
Mass, Muscle Strength, and Muscle Fat Infiltration as Predictors of Incident Mobility
Limitations in Well-Functioning Older Persons. J Gerontol A Biol Sci Med Sci. 2005 Mar
1;60(3):324–33.
53. Schaap LA, Koster A, Visser M. Adiposity, Muscle Mass, and Muscle Strength in Relation to
Functional Decline in Older Persons. Epidemiol Rev. 2013 Jan 1;35(1):51–65.
54. Barbat-Artigas S, Rolland Y, Cesari M, Abellan van Kan G, Vellas B, Aubertin-Leheudre M.
Clinical Relevance of Different Muscle Strength Indexes and Functional Impairment in
Women Aged 75 Years and Older. J Gerontol A Biol Sci Med Sci. 2013 Jul 1;68(7):811–9.
55. Bean JF, Leveille SG, Kiely DK, Bandinelli S, Guralnik JM, Ferrucci L. A Comparison of
Leg Power and Leg Strength Within the InCHIANTI Study: Which Influences Mobility
More? J Gerontol A Biol Sci Med Sci. 2003 Aug 1;58(8):M728–33.
56. Charlier R, Mertens E, Lefevre J, Thomis M. Muscle mass and muscle function over the
adult life span: A cross-sectional study in Flemish adults. Archives of Gerontology and
Geriatrics. 2015 Sep 1;61(2):161–7.
57. Abellan Van Kan G, Rolland Y, Andrieu S, Bauer J, Beauchet O, Bonnefoy M, et al. Gait
speed at usual pace as a predictor of adverse outcomes in community-dwelling older people
an International Academy on Nutrition and Aging (IANA) Task Force. J Nutr Health Aging.
2009 Dec 1;13(10):881–9.
58. CHILES SHAFFER N, FABBRI E, FERRUCCI L, SHARDELL M, SIMONSICK EM,
STUDENSKI S. MUSCLE QUALITY, STRENGTH, AND LOWER EXTREMITY
PHYSICAL PERFORMANCE IN THE BALTIMORE LONGITUDINAL STUDY OF
AGING. J Frailty Aging. 2017;6(4):183–7.
59. Landers KA, Hunter GR, Wetzstein CJ, Bamman MM, Weinsier RL. The Interrelationship
Among Muscle Mass, Strength, and the Ability to Perform Physical Tasks of Daily Living in
Younger and Older Women. J Gerontol A Biol Sci Med Sci. 2001 Oct 1;56(10):B443–8.
60. Correa-de-Araujo R, Harris-Love MO, Miljkovic I, Fragala MS, Anthony BW, Manini TM.
The Need for Standardized Assessment of Muscle Quality in Skeletal Muscle Function
Deficit and Other Aging-Related Muscle Dysfunctions: A Symposium Report. Front Physiol.
2017;8:1–19.
61. Metter EJ, Lynch N, Conwit R, Lindle R, Tobin J, Hurley B. Muscle Quality and Age: CrossSectional and Longitudinal Comparisons. J Gerontol A Biol Sci Med Sci. 1999 May
1;54(5):B207–18.
62. Francis P, Toomey C, Cormack WM, Lyons M, Jakeman P. Measurement of maximal
isometric torque and muscle quality of the knee extensors and flexors in healthy 50- to 70year-old women. Clinical Physiology and Functional Imaging. 2017;37(4):448–55.
63. Lindle RS, Metter EJ, Lynch NA, Fleg JL, Fozard JL, Tobin J, et al. Age and gender
comparisons of muscle strength in 654 women and men aged 20–93 yr. Journal of Applied
Physiology. 1997 Nov 1;83(5):1581–7.

85

64. Straight CR, Brady AO, Evans EM. Muscle Quality in Older Adults: What Are the Health
Implications? American Journal of Lifestyle Medicine. 2015 Mar 1;9(2):130–6.
65. Misic MM, Rosengren KS, Woods JA, Evans EM. Muscle Quality, Aerobic Fitness and Fat
Mass Predict Lower-Extremity Physical Function in Community-Dwelling Older Adults.
GER. 2007;53(5):260–6.
66. Straight CR, Brady AO, Evans EM. Muscle quality and relative adiposity are the strongest
predictors of lower-extremity physical function in older women. Maturitas. 2015 Jan
1;80(1):95–9.
67. Straight CR, Brady AO, Schmidt MD, Evans EM. Comparison Of Laboratory- And-FieldBased Estimates Of Muscle Quality Predicting Physical Function In Older Women. 2013
Nov 3;2:276–9.
68. Rolland YM, Perry HM, Patrick P, Banks WA, Morley JE. Loss of Appendicular Muscle
Mass and Loss of Muscle Strength in Young Postmenopausal Women. J Gerontol A Biol Sci
Med Sci. 2007 Mar 1;62(3):330–5.
69. Clark BC, Manini TM. Sarcopenia ≠ Dynapenia. J Gerontol A Biol Sci Med Sci. 2008 Aug
1;63(8):829–34.
70. Petrella JK, Kim J, Tuggle SC, Hall SR, Bamman MM. Age differences in knee extension
power, contractile velocity, and fatigability. Journal of Applied Physiology. 2005 Jan
1;98(1):211–20.
71. Cormie P, McGuigan MR, Newton RU. Developing Maximal Neuromuscular Power. Sports
Med. 2011 Jan 1;41(1):17–38.
72. Sipilä S, Törmäkangas T, Sillanpää E, Aukee P, Kujala UM, Kovanen V, et al. Muscle and
bone mass in middle‐aged women : role of menopausal status and physical activity. Journal
of Cachexia, Sarcopenia and Muscle [Internet]. 2020 [cited 2020 Feb 11];Early View.
Available from: https://jyx.jyu.fi/handle/123456789/67742
73. Liu S-H, Eaton CB, Driban JB, McAlindon TE, Lapane KL. Comparison of self-report and
objective measures of physical activity in US adults with osteoarthritis. Rheumatol Int. 2016
Oct 1;36(10):1355–64.
74. Spartano NL, Lyass A, Larson MG, Tran T, Andersson C, Blease SJ, et al. Objective
physical activity and physical performance in middle-aged and older adults. Experimental
Gerontology. 2019 May 1;119:203–11.
75. McGregor RA, Cameron-Smith D, Poppitt SD. It is not just muscle mass: a review of muscle
quality, composition and metabolism during ageing as determinants of muscle function and
mobility in later life. Longevity & Healthspan. 2014 Dec;3(1):1–8.
76. Heymsfield SB, Adamek M, Gonzalez MC, Jia G, Thomas DM. Assessing skeletal muscle
mass: historical overview and state of the art. Journal of Cachexia, Sarcopenia and Muscle.
2014 Mar;5(1):9–18.
77. Bondarev D, Laakkonen EK, Finni T, Kokko K, Kujala UM, Aukee P, et al. Physical
86

performance in relation to menopause status and physical activity. Menopause. 2018
Dec;25(12):1432.

87

